Circoviruses are present worldwide in birds and pigs but their occurrence in fish has not yet been reported. Recently, increased mortality was observed in barbel fry (Barbus barbus) in Hungary. This paper reports the detection of previously unknown circular viral DNA genomes in barbels by the use of a circovirus-specific wide-range nested PCR. The analysis of two complete genomes (Barbel circovirus, BaCV1 and BaCV2) indicated that they belonged into a new genetic group within the family Circoviridae, distinct from known circoviruses and circovirus-like genomes. Their genome size was 1957 bases and contained two major ORFs similar to the capsid and replication-associated protein genes of circoviruses. A connection between the presence of the virus and clinical manifestations of the infection could not be proved.
Circoviruses are small non-enveloped viruses with a short single-stranded circular DNA genome of 1.7-2.3 kilobases. Since the first discovery of the virus in a porcine cell culture (Tischer et al., 1974 (Tischer et al., , 1982 a number of novel viruses have been described with similar characteristics, providing a basis for the establishment of the family Circoviridae. The family is currently divided into two recognized genera (Fauquet et al., 2005) . Chicken anaemia virus (CAV) is the only member of the genus Gyrovirus, the rest of the circoviruses belong to the genus Circovirus. Strangely enough, besides the first porcine circovirus (PCV1) identified, the only other circovirus of mammalian origin is a pathogenic variant of PCV, designated PCV2 genotype (Allan et al., 1998) . The rest of the so far detected circoviruses are of avian origin. PCV is known to infect animals other than domestic pigs, like wild boars (Ellis et al., 2003; Cságola et al., 2006) or rodents (Lőrincz et al., 2010) and it was also detected in cattle (Nayar et al., 1999; Kappe et al., 2010) , but circoviruses characteristic to mammalian species other than swine are not known at present.
As molecular biology tools evolve the chances of discovering novel viral species or even virus families increase. Using viral metagenomics, novel circovirus-like genomes were detected recently in reclaimed water and marine samples (Rosario et al., 2009a, b) . Ng et al. (2009) reported the presence of a single-stranded circular DNA virus in sea turtle fibropapilloma cases, a potential novel representative of circoviruses. Based on similar methods Li et al. (2010) identified distantly related circovirus-like genomes in human and chimpanzee stools, and suggested the establishment of a tentative new genus (Cyclovirus) within the family Circoviridae. Using random PCR amplification and sequencing Blinkova et al. (2010) described circular viral genomes resembling circoviruses, plant geminiviruses and nanoviruses in size and genome organization, suggesting an evolutionary link among them. These findings show that circoviruses were perhaps more widespread than previously thought, and samples from water sources suggest that fish might also be carriers of circoviruses. The purpose of this study was to identify and analyse fish circoviruses.
Barbel (Barbus barbus), a member of the family Cyprinidae (carp), is an important freshwater fish in Central Europe both as a food source and an excellent fish for sporting activities. Natural reproduction of barbels is becoming less frequent due to physical changing of the habitat and water pollution, but fish farming with artificial fertilization, hatching and releasing of juveniles back into their natural environment, mainly into rivers, is a working alternative to maintain a stable barbel population.
Early mortality of barbel fry was observed, generally 4-6 days after hatching, in an intensive Hungarian fish farm, close to Budapest during the past 4 years. Dead fry were tested for selected viruses, such as adenovirus, herpesvirus and iridovirus by PCR (Farkas & Gál, 2009 ) and also by routine laboratory methods for the general presence of parasites (light microscopy), bacteria (isolation) and toxic substances (cell culture tests), but all of these tests showed negative results. Barbel eggs obtained from the above farm were hatched and fry reared at the Fish Pathology and Parasitology Research Unit of the Veterinary Medical Research Institute. Fish fry died shortly after hatching and two batches of approximately 100 dead fry were sent to the Szent István University for circovirus testing. Suspensions of these (10 %, w/v) were made in 1 ml PBS with a Tissue-Lyser high-throughput disruption instrument using 3 mm tungsten-carbide beads (Qiagen) according to the manufacturer's instructions. Homogenates were clarified at 16 000 g for 5 min and 100 ml of each supernatant was used for DNA extraction with a Viral Gene-Spin DNA/RNA Extraction kit (Intron Biotechnology Inc.) as recommended by the manufacturer. The DNA was tested for the presence of circoviruses using the nested wide range PCR system developed by Halami et al. (2008) , as described by the authors. When positive samples were detected, a wider sample collection was initiated focusing mostly on the river Danube and fish farms connected to the river. Nineteen barbels of different age classes (30-60 cm in total length) were collected and organs such as liver, heart, intestine, gills, brain, kidneys, gonads and blood (approx. 0.1 g of each) were processed individually for PCR testing. Positive samples were sequenced (Macrogen) and new primers (MTL, 59-GTGATTACGCCAACGTGATG-39; MTR, 59-GCCCTTTGTGCAGTATTCGT-39) were designed using the Primer3 program (Rozen & Skaletsky, 2000) to obtain the missing part of the circular genome in a single overlapping amplicon. The conditions were optimized and used as follows: 1 ml of each sample was mixed with 3 ml MgCl 2 (25 mmol), 1 ml each dNTP (1 mmol), 1 ml of the primers (25 pmol) and 1.5 U Taq DNA polymerase (Fermentas) in a final volume of 50 ml. The PCR was carried out by preheating to 95 u C for 10 min, followed by 45 cycles of 95 u C, 30 s; 60 u C, 60 s; 72 u C, 120 s and finishing with a single cycle of 72 u C, 7 min and subsequent cooling to 4 u C.
The PCR products were detected in 2 % agarose gels, and purified with a E.Z.N.A. Gel-Extraction kit (Omega Bio-Tek) as recommended by the manufacturer. DNA fragments were sequenced directly or after cloning using a Topo TA Cloning kit (Life Technologies), according to the manufacturer's protocol. Complete genomes were generated using the overlapping sequences. Sequence editing, analysis and prediction of amino acid sequences were conducted using appropriate programs of the Lasergene package (DNASTAR), and compared with circovirus and circovirus-like sequences available in GenBank. The alignments were carried out with the MEGALIGN program (Lasergene), phylogenetic trees were constructed as described by Cságola et al. (2006) .
The viral nucleic acid was detected in 8 of the 19 collected fish, regardless of the age or the site of collection. The virus was present simultaneously in several organs of these fish; the liver and the spleen were the most frequently affected, occasional infection of the eggs was also detected. The complete nucleotide sequences for two virus genomes (Barbel circovirus, BaCV1 and BaCV2) originating from different fish collected at different locations were determined and showed that the genome size for both was 1957 bases, within the characteristic range of recognized circoviruses. The two genomes were 94.7 % identical to each other, suggesting a possible diversity among fish circoviruses. A stem-loop structure with the 59-TAGTATTAC-39 nonanucleotide sequence, identical to that of PCV1, columbid, gull and finch circoviruses (Table 1) was identified in the 59-intergenic region of the two major ORFs (see below). Other members of the genus Circovirus carry a single nucleotide difference at the first position (T) of the nonanucleotide, such as A in PCV2, C in canary and starling and G in raven circovirus. In known circoviruses of Anseriformes like geese, ducks and swan the third nucleotide is consistently T, showing that the newly identified BaCV was different from those circoviruses that originated from birds sharing the environment of fish. The stem length of BaCV was 15 bp long, as in finch circoviruses and longer than that of the putative cycloviruses (Li et al., 2010) .
Two major ORFs arranged in opposite directions, typical for viruses of the genus Circovirus, could be identified. The longer ORF (ORF1) was located between 48 and 1005 nt positions of the positive strand encoding 319 aa starting with a standard ATG codon, but with a potential alternative initiation at nt 9 (CTG) increasing the potential coding capacity to 332 aa. No standard initiation codon could be located for ORF2, starting at nt 1905 (TTG) and extending to nt 1264 in the opposite direction, potentially coding for 214 aa. The predicted amino acid sequence similarity between the ORF1s of the two viruses was 97.5 %, and somewhat lower for the ORF2 amino acid sequences, where 95.3 % was calculated.
According to the BLAST search (Altschul et al., 1997) of the two major ORF encoded amino acid sequences, they were both similar to proteins of accepted members of the family Circoviridae and also to those of related viruses like cycloviruses (Li et al., 2010) and circular genomes from environmental samples (Rosario et al., 2009a) . The putative ORF1 protein was 53 % identical to the replicationassociated protein (Rep) of the human stool-associated circular virus (NG13) described by Li et al. (2010) and somewhat lower (44-50 %) to porcine and avian circoviruses. Both, according to results from the BLAST and the Pfam database (Finn et al., 2008) showed that ORF1 was a Phylogenetic analysis showed that BaCV was a novel circovirus occupying a separate branch among other circovirus genomes. Fig. 1 shows the phylogenetic comparison of the predicted BaCV Rep protein sequences, with those of members of the family Circoviridae, the suggested genus Cyclovirus and a related circovirus-like genome (Rosario et al., 2009a) , where BaCV grouped separately from circoviruses, the known gyrovirus and cycloviruses. Based on the ORF1 encoded amino acid sequences, all of the circoviruses including BaCV and the cycloviruses were clearly distinguishable from the CAV of the genus Gyrovirus and from the RW-C genome identified in reclaimed water, forming five distinct groups. Avian circoviruses were split according to their origin (Anseriformes and non-Anseriformes) and members of the suggested genus Cyclovirus also fell within an extended Circovirus genus.
The complete nucleotide sequence analysis (Fig. 2) confirmed our previous distinction of Anseriform and nonAnseriform circoviruses within the avian circovirus group that was based on the ORF1 sequences and the nonanucleotide sequence differences. The full genomes of recognized avian and porcine circoviruses together with the BaCV1 and BaCV2 genomes of the present study were all located on the branch representing the genus Circovirus, showing that barbel circoviruses belonged to this genus. The newly described circovirus-like genomes including cycloviruses fell outside the genus Circovirus suggesting that, at least based on the full genome analysis, the establishment of new genera for the tentative cycloviruses and other related genomes within the family can be justified. The highest similarity among the barbel virus genomes and the circular genomes from reclaimed water and marine samples was 38.4 %, detected between BaCV1 and RW-C.
To our knowledge this is the first report of a circovirus present in fish. During this study other freshwater fishes, like European catfish (Silurus glanis), pike perch (Sander lucioperca), European eel (Anguilla anguilla) and cyprinids, like common carp (Cyprinus carpio), Prussian carp (Carassius gibelio) and bream (Abramis brama) were also sampled from the waters where barbels were collected and tested for the presence of circovirus genomes. With the method described above, these samples were all negative for circoviruses.
The clinical significance of BaCV infection needs to be investigated further. Porcine and avian circoviruses are associated with a variety of different clinical conditions (Allan et al., 1998 , Allan & Ellis, 2000 Todd, 2004) , but may also remain as asymptomatic infections causing mild or severe immune suppression (Todd, 2000) . In vitro propagation of the virus failed so far, therefore it is not yet known without experimental infections if the detected circovirus was responsible for the early death of farmed barbel fry.
